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INTRODUCTION 


^The  cutting  tool  industry  has  traditionally  sought  ,^o  extend  the  life  of  tools 
through  the  use  of  surface  treatments.  For  example,  coatings ,  applied  to  tool¬ 
ing  by  the  chemical  vapor  deposition  and  physical  vapor  deposition  processes  are 
widely  used  in  the  ^aircraft  and  automotive  industries  to  improve  tool  life  by  pro¬ 
viding  more  weanSresistant  surfaces,  as  well  as  chemical  and  thermal  barriers  to 

diffusion  A»j2 _ ^ 


Since  the  hardness  of  TiB2  (15-45  GPa)  is  significantly  higher  than  TiN  (16-20 
GPa),  comparable  improvements  in  tool  life  and  cutting  performance  with  difficult  to 
machine  materials  are  to  be  expected  with  TiB2  coated  tools.  The  problem,  however, 
is  the  technical  difficulty  in  coating  tools  with  adherent  TiB2  by  physical  or  chemi¬ 
cal  vapor  deposition  processes.  Deposition  of  TiB2  using  a  fused  salt  electrolysis 
process  is  a  viable  alternative.  This  concept  was  tried  out  successfully  in  labo¬ 
ratory  trials  A  The  purpose  jf  this  report  is  to  evaluate  the  performance  of  fused 
salt  electrodeposited  TiB2  coatings  on  high-speed  steel  twist  drills  and  to  specify 
any  process  modifications  necessary. 

EXPERIMENTAL 

A  pilot  scale  fused  salt  cell  was  built  by  HTC  Industries,  Simsbury,  CT.  The 
electrolyte  employed  in  this  process  was  the  ternary  eutectic  of  lithium-,  sodium-, 
and  potassium-fluoride  (FLINAK),  melting  at  842°F  (454°C)  with  titanium  and  boron 
added  as  fluotitanate  (TiF^)  and  fluoborate  (BF4),  respectively.  The  fused  salt 
cell  was  operated  under  an  inert  gas  enclosure  ("dry  box"). 

Four  heavy  web,  0.25  inch  diameter,  M33  high  speed  steel  twist  drills  with  a 
crankshaft  ground  design  and  135°  point  angles  were  coated  with  TiB2*  Principal 
coating  parameters  and  resultant  coating  thicknesses  are  shown,  as  reported  by  HTC 
Industries,  in  Table  1.  The  adhesion  and  integrity  of  the  0.0005-inch-thick  TiB2 
coating  was  inferior  to  that  of  the  0.001-inch-thick  coating  as  shown  in  Figure  1. 
This,  however,  could  be  the  result  of  inadequate  surface  preparation  prior  to  plating. 


Table  1.  FUSED  SALT  ELECTRODEPOSITION  PARAMETERS  AND 
RESULTANT  COATING  THICKNESS  FOR  EACH  DRILL 


Drill  ID 

Plating 

femp. 

(°F  )* 

Current 

Density 

mA/ciA 

Nominal  Coating 
Thickness 
(in.) 

A 

1120 

10 

0.0005 

B 

1120 

15 

0.001 

C 

1120 

25 

0.001 

D 

1120 

40 

0.001 

E 

-  Not  Coated 

-  Bright  Finish  - 

F 

-  Not  Coated 

-  Bright  Finish  - 

*Time  at  temperature  -  approximately  100  minutes 


1.  TiN-Coated  Tools:  A  Status  Report.  Cutting  Tool  Engineering,  v.  36,  no.  1,  (January/l'ebruary),  1984,  p.  1-5. 

2.  ANDERSON,  A.  P.  Vapor  Deposited  Coatings  Combat  Friction  and  Wear.  Metal  Progress,  v.  128.  no.  3,  August  1985.  p.  41-45. 

3.  COUCH,  H.  T.  TiBj.  Electrodeposited  Hard-Faced  Coatings  for  Tools.  HTC  Industries,  Inc.,  Contract  DAAC.45-85-C-0026,  Bimonthly 
Progress  Report  No.  5,  U.S.  Army  Materials  Technology  Laboratory,  July  27,  1986. 
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A  series  of  holes  were  drilled  with  each  drill,  until  tool  failure,  into  a  0.75- 
inch-thick  AISI  4340  steel,  quenched  and  tempered  to  a  hardness  of  44  HRC.  Drilled 
depths  were  limited  to  0.50  inch  to  prevent  the  aggravated  wear  experienced  when 
making  through  holes.  Uncoated  drills  were  similarly  tested  as  a  control. 

Recommended  drilling  parameters^  were  not  used  due  to  the  formation  of  built  up 
edges  on  coated  tools.  However,  a  0.004  ipr  feed  and  30  fpm  speed,  the  recommended 
parameters  for  38  HRC  steels,  were  used.  For  the  uncoated  drills,  this  resulted  in 
a  reasonable  tool  life  of  ~  110  holes.  All  holes  were  drilled  without  coolant  or 
lubricant.  This  was  done  in  order  to  accelerate  tool  wear  and  to  minimize  coating 
failure  due  to  thermal  stresses. 

Cutting  force  and  torque  about  the  spindle  axis  were  monitored  by  a  dynamometer 
during  all  experiments.  Drills  were  considered  to  have  failed  or  to  have  been  sig¬ 
nificantly  worn  when  the  thrust  force  of  the  drill  into  the  workpiece,  required  to 
maintain  a  constant  feed  rate,  doubled  its  initial  value  to  —  400  lbf.  Figure  2. 

RESULTS 

The  total  number  of  holes  made  with  each  tool  when  drilled  to  failure  is  shown 
in  Table  2.  Erosion  of  the  coating  at  the  chisel  edge,  land,  and  flute  surfaces  was 
noticed  after  the  first  hole  was  drilled  with  each  tool.  Land  wear  of  failed  tools, 
both  coated  and  uncoated,  was  nearly  identical  (see  Figure  3).  However,  wear  in  the 
flute  near  the  lip  of  coated  tools  was  not  similar.  Figure  4,  which  shows  the  flute 
wear  patterns  of  drills  that  failed  after  6  and  160  holes,  documents  the  general 
trend  that  the  extent  of  flute  wear  is  a  function  of  holes  drilled  oi  the  total 
exposure  time  of  the  flute  to  chip  flow.  Figure  5  shows  that  coating  irregularities, 
such  as  those  previously  shown  in  Figure  1,  were  not  found  to  significantly  affect 
flute  wear. 


Table  2.  TOTAL  NUMBER  OF  HOLES 
DRILLED  WITH  EACH  TOOL 


Drill  ID 

Holes  Drilled 

A 

180 

B 

6 

C 

34 

D 

160 

E 

no 

F 

106 

Residual  traces  of  the  coating  were  found  in  the  flute  wear  zone.  Figures  6 
and  7  show  qualitative  element  identifications  for  drills  A  and  B  after  tool  fail¬ 
ure  in  the  flute  wear  zone  in  the  flute,  but  1.5  inches  from  the  chisel  edge, 
respectively . 

Figure  8  shows  a  similar  trace  for  drill  D  and  the  presence  of  K,  Na,  and  Si 
can  be  seen  in  the  unaffected  coating.  Since  the  electrolyte  employed  is  nominally 
the  eutectic  of  lithium-,  sodium-,  and  potassium-fluorides,  the  presence  of  K  and  Na 
is  expected.  The  source  of  Si  cannot  be  explained.  In  addition,  from  the  relative 
Ti/Fe  line  intensity  ratios  it  appears  that  in  this  section  the  TiB£  coating  is 
thinner . 

4.  Machining  Data  Handbook,  Machinability  Data  Center,  Cincinnati,  OH,  1980,  p.  3-15. 
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Figures  9  through  12  show  SEM  photographs  of  the  coatings  for  drills  A  through 
D,  respectively.  For  drills  A  through  C,  coating  roughness  and  electrodeposited 
particle  size  increased  with  increasing  current  density.  The  overall  smoother 
morphology  of  the  deposited  particles  and  overall  adherence  of  the  coating  on  drill 
D  appears  to  be  superior  to  that  of  the  others,  possibly  due  to  different  salt  and 
coating  chemistries.  High  points  of  deposited  particles  or  asperities  in  the  coat¬ 
ing  appear  to  have  fractured  preferentially,  as  can  be  seen  in  samples  taken  pro¬ 
gressively  closer  to  the  cutting  edge. 

DISCUSSION 

Even  though  the  bulk  TiB2  coating  was  worn  away  from  the  cutting  edge  after 
only  a  few  holes  had  been  drilled,  a  residual  effective  coating  thickness  which 
penetrates  into  the  substrate  appears  to  remain.  This  additional  affected  surface, 
as  evidenced  by  the  EDAX  results  which  show  Ti  lines  even  though  no  coating  is  pres¬ 
ent,  appears  to  continue  to  resist  abrasive  wear  even  after  the  macrocoating  has 
been  destroyed.  This  effect  is  similar  to  that  which  is  believed  to  occur  in  ion 
implated  and  TiN  coated  cutting  tools  due  to  the  interdiffusion  of  the  deposited 
atomic  species  into  the  substrate. 

The  increase  in  tool  life  of  TiB2  coated  drills  A  and  D,  over  the  uncoated 
bright  finished  drills  E  and  F  is  not  considered  to  be  statistically  significant. 
This  is  due  to  the  small  sample  size  tested.  A  sampling  of  at  least  30  precision 
ground  drills,  for  each  set  of  coating  conditions,  would  be  required  for  a  valid 
test . 

Since  the  normal  tempering  temperature  of  high-speed  steel  is  in  the  range  of 
325°F  to  1060°F,  fused  salt  electrodeposition  process  temperatures  should  have  been 
kept  below  1000°F  and  time  at  temperature  should  not  have  exceeded  30  minutes.  The 
thermal  cycle  to  which  the  drills  were  exposed  during  the  coating  process  employed 
in  this  study  is  therefore  expected  to  have  had  a  deleterious  effect  on  tool  life. 

The  0. 001-inch-thick  coatings  tested  in  this  study  are  considered  too  thick. 

As  coating  thickness  increases,  coatings  become  an  entity  in  themselves  and  tend  to 
fracture,  crack,  and  spall  under  thermomechanical  stresses.  Coating  thicknesses  in 
the  range  of  0.00015  inch  to  0.00025  inch,  commonly  found  on  TiN  coated  tools,  are 
recommended.  Reduced  coating  thicknesses  are  also  expected  to  enable  lower  process 
temperatures  and  shorter  process  times  to  be  used,  therefore  reducing  the  potential 
for  substrate  damage  due  to  overtempering.  The  0.0005-inch-coating  thickness  of 
drill  A  may,  therefore,  have  contributed  to  its  relatively  long  tool  life. 

The  lower  inclination  angle  of  deposited  particles  on  drill  D  contributed  to 
the  superior  performance  of  this  drill.  Low  inclination  angles  not  only  indicate 
good  adherence  but  also  reduced  stress  concentrations,  which  act  as  initiation  sites 
for  coating  failure. 

Unexplained  differences  in  surface  topography  (drills  A  through  C  versus  drill 
D),  coating  thickness  (drills  A  through  D),  coating  chemistry  (drills  A  through  C 
versus  drill  D)  and  tool  life  (drills  A  and  D  versus  drills  B  and  C),  with  respect 
to  the  primary  reported  process  parameter  (current  density),  indicate  poor  process 
control  and/or  the  failure  to  record  or  report  valid  process  parameters  during  fused 
salt  electrodeposition. 
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CONCLUSIONS 


Tool  life  tests  of  high  speed  steel  twist  drills  coated  with  Til$2  by  the  fused 
salt  electrodeposition  process  were  conducted.  The  statistical  significance  of 
those  coated  drills  which  out-performed  uncoated  bright  finished  drills  may  indicate 
a  trend,  but  is  doubtful  due  to  the  limited  number  of  drills  evaluated.  Overtemper¬ 
ing  of  the  substrate  due  to  excessive  plating  process  temperatures  and  times  may 
have  been  the  cause  of  the  short  tool  life  observed  for  other  drills. 

Although  coating  wear  at  the  chisel  edge,  land,  and  flute  surfaces  was  immediate 
during  the  first  hole,  residual  effects  of  the  coating  appear  to  continue  to  resist 
abrasive  wear. 

The  thickness  range  of  TiB2  coatings  should  be  between  0.00015  inch  and  0.00025 
inch  for  high-speed  metal  cutting  applications.  This  is  expected  to  minimize  resid¬ 
ual  stresses  and  the  tendency  of  coatings  to  crack  and  spall  under  thermomechanical 
stresses.  Secondary  benefits  to  reduced  coating  thicknesses  include  lower  plating 
process  temperatures  and  shorter  process  times,  both  of  which  will  reduce  the  poten¬ 
tial  for  substrate  damage. 

Process  temperatures  below  1000°F  are  recommended  for  high-speed  steel  tooling. 
Improved  electrodeposition  process  control,  from  precleaning  uniformity  and  consis¬ 
tency  to  the  maintenance  of  salt  chemistries,  is  also  required.  This  is  mainly 
because  the  character  of  deposited  coatings  was  found  to  vary  significantly  with 
changes  in  process  parameters. 

Future  applications  for  TiB2  coatings  should  include  low  impact,  low  speed  cut¬ 
ting  tools  such  as  broaches  and  high  value  added  items,  possibly  turbine  blades. 
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a.  The  0.0005  inch  TiBj  coating  thickness,  drill  A 


b.  A  typical  0.001  inch  coating  thickness,  drill  B 


Figure  1.  Photographs  showing  a  higher  concentration  of  surface  discontinuities  (Mag.  7.5). 


a.  1  Hole 


b.  110  Holes 


c.  180  Holes 


Figure  2.  Cutting  force  traces  for  drill  A  after  1,  110,  and  180  holes  were  drilled  (Scale:  50  Ib/div) 


a.  Drill  A  (180  holes)  b.  Drill  B  (6  holes)  c.  Drill  E  (110  holes) 


Figure  3.  End  view  of  drills  showing  land  wear  (Mag.  7X). 
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Figure  4.  Flute  wear  patterns  shown  jy  scaiining  electron  micrography  (Mag.  10X). 


Figure  5.  Flute  wear  pattern  of  drill  A  after  tool  failure,  SEM  (Mag.  10X). 
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b.  The  flute  wear  zone 


Figure  8.  Qualitative  element  identification  for  drill  0. 
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a.  Away  from  the  cutting  edge  of  drill  A 


i 


b.  Close  to  the  cutting  edge  of  drill  A 
Figure  9.  SEM  photographs  (Mag.  1000X). 
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Figure  10.  SEM  photographs  of  the  T1B2  coating  taken  progressively  closer  to  the  cutting  edge  of  drill  B  (Mag.  1U00X). 


a.  Mag.  250X 


b.  Mag.  1000X 
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c.  An  area  closer  to  the  cutting  edge  where  asperities  of  the  coating  have 
fractured  on  drill  C  (Mag.  1000X) 


Figure  11.  SEM  photographs  of  the  unaffected  coating. 
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1  AMSMI-RLM 

1  AMSMI-RLA,  Or.  James  J.  Richardson 


No.  of 

Copies 

To 

Commander,  U.S.  Army  Belvoir  Research,  Deve’opment  and  Engineering  Center, 
tort  8elvoir,  VA  22060-5606 
1  ATTN:  STRBE-D 
1  STRBE-G 

1  STRBE-BO,  C.  McCord 

1  STRBE-N 

1  STRBE-VL 

Commander,  U.S.  Army  Research  and  Technology  Labs,  Applied  Technology 
Laboratory  (AVSCOM),  Fort  Eustis,  VA  23604 
1  ATTN:  AMOAR-ATL-ATP,  Mr.  James  Gomez,  Aerospace  Engineer 

Commander,  U.S.  Army  Tank-Automotive  Command,  Warren,  MI  48090 
1  ATTN:  AMSTA-RCKM 

Director,  Benet  Weapons  Laboratory,  LCWSL,  USA  AMCOM,  Watervliet,  NY  12189 
1  ATTN:  AMSMC-LCB-TL 
1  AMSMC-LCB-PS,  Or.  I.  Ahmad 

David  Taylor  Naval  Ship  Research  and  Development  Center,  Annapolis,  MD  21402 
1  ATTN:  Dr.  Michael  Vassilaros  -  Code  2514 

Office  of  Naval  Technology,  800  N.  Quincy  Street,  Arlington,  VA  20017 
1  ATTN:  Mr.  J.  J.  Kelly  -  Code  MAT  0715 

Naval  Research  Laboratory,  Washington,  DC  20375 
1  ATTN:  Dr,  C.  I.  Chang  -  Code  5830 
1  Or.  G.  R.  Yoder  -  Code  6384 

1  Dr,  S.  C.  Sanday  -  Code  6370 

Chief  of  Naval  Research,  Arlington,  VA  22217 
1  ATTN:  Code  471 
1  Dr.  Steven  G.  Fishman 

Naval  Sea  Systems  Command,  Washington,  DC  20362 
1  ATTN:  Mr.  Marlin  Kinna  -  62R4 

Naval  Air  Development  Center,  Warminster,  PA  18974 
l  ATTN:  Dr.  E.  U.  Lee  -  Coda  60632 

Naval  Surface  Weapons  Center,  White  Oak,  Silver  Spring,  MD  20910 
1  ATTN:  John  V.  Foltz  -  Code  R32 
1  Dr.  Herbert  Newborn  -  Code  R34 

National  Aeronautics  and  Space  Administration,  Washington,  DC  20546 
1  ATTN:  Mr.  Michael  A.  Greenfield,  Program  Manager  for  Materials,  Code  RTM-6 

National  Aeronautics  and  Space  Administration,  Lewis  Research  Center, 
Cleveland,  OH  44135 

1  ATTN:  Dr.  James  A.  DiCarlo,  Mail  Stop  106-1 

National  Aeronautics  and  Space  Administration,  Marshall  Space  Flight  Center, 
Huntsville,  AL  35812 

1  ATTN:  R.  J.  Schwinghammer,  EH01,  Dir,  M&P  Lab 
1  Mr.  W.  A.  Wilson,  EH41,  Bldg.  4612 

The  Boeing  Vertol  Company,  P.0.  Box  16858,  Philadelphia,  PA  19142 
1  ATTN:  Mr.  Robert  L.  Pinckney,  Mail  Stop  P62-06 
1  Mr.  Joseph  W.  Lenski,  Jr.,  Mail  Stop  P32-09 

E.  1.  DuPont  De  Nemours  and  Company,  Inc.,  Textile  Fibers  Department, 
Pioneering  Research  Laboratory,  Experimental  Station,  Wilmington,  DE  19898 
1  ATTN:  Blake  R.  Bichlmelr 
1  Joyce  W.  Widrig 

1  Mr.  Rex  C.  Claridge,  TRW,  Incorporated,  Manufacturing  Division, 

Mail  Stop  01-2210,  1  Space  Park,  Redondo  Beach,  CA  90278 

1  Dr.  James  A.  Cornle,  Materials  Processing  Center,  Bldg.  8,  Room  237, 
Massachusetts  Institute  of  Technology,  77  Massachusetts  Avenue, 

Cambridge,  MA  01239 


No.  or 
Copies 


To 


1  Dr.  8hagwam  K.  Das,  Engineering  Technology  Supervisor,  The  Boeing  Company, 

P.0.  Box  3999,  Seattle,  WA  98124 

1  Leroy  Davis,  NETCO,  2225  East  28th  Street,  Building  5,  Long  Beach,  CA  90806 

1  Hr.  Joseph  F.  Dolowy,  Jr.,  President,  DWA  Composite  Specialties,  Inc., 

21133  Superior  Street,  Chatsworth,  CA  91311 

1  Mr.  Robert  E.  Fisher,  President,  AMERCOM,  Inc.,  8948  Fullbright  Avenue, 
Chatsworth,  CA  91311 

1  Mr.  Louis  A.  Gonzalez,  Kaman  Tempo,  816  State  Street,  Santa  Barbara,  CA  93101 

1  Prof.  James  G.  Goree,  Dept,  of  Mechanical  Engineering,  Clemson  University, 
Clemson,  SC  29631 

1  William  F.  Grant,  AVCO  Specialty  Materials  Division,  2  Industrial  Avenue, 

Lowell,  MA  01851 

1  Mr.  Jacob  Gubbay,  Charles  Stark  Draper  Laboratories,  555  Technology  Square, 

Mail  Station  27,  Cambridge,  MA  02139 

1  Mr.  John  E.  Hack,  Southwest  Research  Institute,  6220  Culebra  Road, 

San  Antonio,  TX  78284 

1  Or.  H.  A.  Katzman,  The  Aerospace  Corporation,  P.0.  Box  92957 
Los  Angeles,  CA  90009 

Lockheed  California  Company,  8urbank,  CA  91520 
1  ATTN:  Mr.  Rod  F.  Simenz,  Department  of  Materials  and  Processes 

Lockheed  Georgia  Company,  86  South  Cobb  Drive,  Marietta,  GA  30063 
1  ATTN:  Materials  and  Processes  Engineering  Department 

1  Mr.  James  Carroll 

Material  Concepts,  Inc.,  2747  Harrison  Road,  Columbus,  OH  43204 
1  ATTN:  Mr.  Stan  J.  Paprocki 

1  Mr.  David  Goddard 

1  Dr.  Mohan  S.  Misra,  Martin  Harietta  Aerospace,  P.0.  Box  179,  Denver,  CO  80201 

1  Mr.  Patrick  J.  Moore,  Staff  Engineer,  Lockheed  Missiles  and  Space  Company, 
Organization  62-60,  Building  104,  P.0.  Box  504,  Sunnyvale,  CA  94086 

1  R.  Byron  Pipes,  Professor  &  Director,  Center  for  Composite  Materials, 

University  of  Delaware,  Newark,  DE  19711 

1  Dr.  Karl  M.  Prewo,  Principal  Scientist,  United  Technologies  Research  Center, 

Mail  Stop  24,  East  Hartford,  CT  06108 

1  Dr.  B.  W.  Rosen,  Materials  Sciences  Corporation,  Gwynedd  Plaza  11,  Bethlehem 
Pike,  Spring  House,  PA  19477 

1  Prof.  Marc  H.  Rlchman,  Division  of  Engineering,  Brown  University, 

Providence,  RI  02912 

1  Mr.  Ronald  P.  Tye,  Energy  Materials  Testing  Laboratory,  Biddeford  Industrial 
Park.  81ddeford,  ME  04005 

1  Mr.  Robert  C.  Van  Slclen,  Vought  Corporation,  Advanced  Technology  Center, 

P.0.  Box  226144,  Dallas,  TX  75266 

1  Prof.  Franklin  E.  Wawner,  Department  of  Materials  Science,  School  of  Engineering 
and  Applied  Sciences,  University  of  Virginia,  Charlottesville,  VA  22903 

1  Dr,  Carl  Zweben,  General  Electric  Company,  Valley  Forge  Space  Center/M4018, 
P.O.Box  8555,  Philadelphia,  PA  19101 

Director,  U.S.  Army  Materials  Technology  Laboratory,  Watertown,  MA  02172-0001 

2  ATTN:  SLCMT-IML 
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